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NATIONAL‘AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL MEMORANDUM X-209

STATIC IONGITUDINAL, DIRECTIONAL, AND IATERAL STABILITY
AND CONTROL DATA FROM AN INVESTIGATION AT A MACH
NUMBER OF 6.83 OF TWO DEVELOPMENTAL
X-15 AIRPLANE CONFIGURATIONS™

By David E. Fetterman, Jr., and Jim A. Penland
SUMMARY

An investigation has been conducted in the Langley ll-inch hyper-
sonic tunnel to determine the static longitudinal, lateral, and direc-
tional stability and control on two preliminary developmental X-15
configurations with various component modifications. The tests were
made at’'a Mach number of 6.83 and a Reynolds number of 640,000 based
on wing mean aerodynamic chord. The majority of the data were obtained
over an angle-of-attack range from -4% to 240 at sideslip angles of
0° and -5°. The longitudinal stability data are referred to the
stability axes system, and the directional and lateral stability data
are referred to the body axes system. Analysis of the data has been
omitted in crder to expedite release of this information.

INTRODUCTION

An investigation at the langley Research Center has been under way
over the past few years to supply hypersonic static stability and con-
trol data on airplane-type configurations for use in establishing the
X-15 configuration. The results of this early investigation are reported
in references 1 to 7. These results were utilized to establish the
developmental X-15 configurations which were tested at various speeds.
This paper presents the static stability and control data obtained in
the lLangley ll-inch hypersonic tunnel at a Mach number of 6.83 for the
two preliminary X-15 configurations with their various component modi-
fications. The results of tests on these two preliminary X-15 config-
urations at other Mach numbers can be obtained from references 8 to 16.
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Analysis of the data presented herein has been omitted in order to
expedite release of this information.

SYMBOLS

The longitudinal stability data are referred to the stability axes
system, and the directional and lateral stability data are referred to
the body-axes system. The body-axes and stability-axes systems are
illustrated in figure 1. The moment reference is at 25 percent of the
wing mean aerodynamic chord.

The coefficients and symbols are defined as follows:

. Fp
Cp drag coefficient, —=
qS
Fr,
Cy, 1ift coefficient, —=
as
My
Cm pitching-moment coefficilent, v
gSc
. . My
CZ rolling-moment coefficient, =
gSb
- Z
C . awing-moment coefficient, -—
n y g ) 250
Fy
Cy side-force coefficient, =5
q
FD force along -Xs-axis
F1, force along -Zg-axis
FY force along Y-axis
My moment about X-axis
My moment about Y-axis
MZ moment about Z-axis

b wing span

o FaH
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chord

wing mean aerodynamic chord

body maximum diameter

Mach number

free-stream dynamic pressure

total wing area including body intercept
longitudinal, lateral, and normal axes, respectively
distance along chord from leading edge
distance perpendicular to chord

angie of attack

angle of sideslip

dihedral angle

equivalent pitch deflection of differentially deflected
horizontal tails, positive to produce positive Cg,

%(5 + 5

HI HR)

horizontal-tail deflection, positive to produce positive Cgp

differential horizontal-tail deflection, positive to produce

A

positive My, (SHL - Bgp)

‘speed-brake deflection

vertical-tail deflection, positive to produce positive Cy

rate of change of side-force coefficient with sideslip angle

rate of change of yawing-moment coefficient with sideslip
angle

rate of change of rolling-moment coefficient with sideslip
angle

S—
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side-force coefficient with vertical-tail

yawing-moment coefficient with vertical-

rolling-moment coefficient with vertical-

side-force coefficient with differential

yawing-moment coefficient with differential

rolling-moment coefficient with differential

lower when used with vertical tail; left when used with

Cy rate of change of

&v deflection
Cn rate of change of

oV tail deflection

1 rate of change of

ov tail deflection
Cy.., rate of change of

dh horizontal-tail deflection
Cney s rate of change of

dh horizontal-tail deflection
Cy rate of change of

oh' horizontal-tail deflection
Subscripts:
B body
F fairing
L

horizontal tail

R right
r root
s stability
€ tip
U upper

Model component designations:

B

H

=z < 4

P

body
horizontal tail
speed brake
vertical tail
wing

side falring

O gt
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APPARATUS

Wind Tunnel

The tests were conducted in the Mach number 6.86 test section of
the langley ll-inch hypersonic tunnel which is equipped with a single-
step, two-dimensional nozzle constructed of Invar. Tunnel operation
is of the intermittent type, and a test run duration of about 80 seconds
is possible. The nozzle was designed by the method of characteristics
wilth a correction made for boundary layer. The tunnel-wall boundary-
layer thickness and likewise free-stream Mach number are dependent upon
the tunnel stagnation pressure. For these tests (at a stagnation pres-
sure of 26 atmospheres absolute) the average free-stream Mach number
was 6.83. The variation in Mach number after the first 10 seconds of
operating time is about 1 percent.

During these tests the stagnation temperature was maintained at
about 675° F by means of a variable-frequency electrical heater equipped
with Nichrome tube resistance elements. This high temperature is neces-
sary to avoid air liquefaction in the test section. In order to elimi-
nate the effects of water condensation, the absolute humidity of the air

was kept less than 1.87 x 1072 pounds of water vapor per pound of air
for all tests.

Further details of the langley ll-inch hypersonic tunnel facility
may be found in reference 17.

Balance and Model Support

Force and moment measurements were made through the use of a six-
component, strain-gage force balance, the design of which allows four
components to be located internally in the model. The other two com-
ponents - axial force and rolling moment - are mounted externally at
the rear of the balance and are shielded from the air flow during the
tests. The model and balance were mounted in the test section on a
movable support strut which could be rotated through an angle-of-attack
range. During each test the period of essentially constant Mach number
flow was long enough to permit testing through the angle-of-attack range
of the investigation. Angles of sideslip were obtalned by offsetting
the model and balance support to the desired sideslip angle prior to
each test. Thus, the data were obtained at an essentially constant
sideslip angle over an angle-of-attack range. '
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The two preliminary versions of the X-15 are designated as config-
urations 1 and 2, and three-view drawings of these configurations are
presented in figures 2 and 3, respectively. An additional designation
is employed herein to define these configurations in terms of their
various components. The designation BWXHVyVy, then, unless otherwise

specified, refers to configuration 1 as shown in figure 2; the designa-
tion BQWEXBHBVUBVL refers to configuration 2 as shown in figure 3.

On configuration 2 two different horizontal-tail airfoil sections
were tested, one having a modified NACA 66-005 section designated as HB’

and one having a 5° semiangle wedge section designated as Hy. These

horizontal-tail modifications are shown in figure 3.

A comparison of configurations 1 and 2 is shown in figure 4. The
primary differences between the configurations are that, for configura-
tion 2, the nose of the fuselage was more blunt and the diameter of the
cylindrical portion was increased; the leading-edge radii of the hori-
zontal tail were increased and the wing was moved rearward and the hori-
zontal tail was moved forward; the rear portions of the side fairings
were enlarged and the landing skids were moved from under the wing to a
position beneath the horizontal tail.

Two modifications to the side fairings of configuration 1 forward
of the 6.105 body station were tested. These side-fairing modifications
are designated X;, and Xyp and are shown together with the original side

fairing in figure 5.

Details and designations of the vertical-tail modifications and the
various vertical-tail combinations tested on configuration 1 are shown
in figure 6; the vertical-tail combinations tested on configuration 2
are shown in figure 7.

The various speed-brake configurations investigated are divided
into vertical-tail speed brakes, fuselage speed brakes, and fairing
speed brakes; details and designations of each are shown in figure 8.
For the vertical-tail speed brakes (fig. 8(a)) and fairing speed brakes
(fig. 8(c)) the surfaces shown are the true views of the brake surfaces.
In addition to the location shown in figure 8(c) the fairing speed
brakes were also tested with boundary-layer gaps of 0.0558d and 0.1124
to offset the effects of flow separation ahead of the brakes.

O = aa
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The horizontal tail of configuration 1 was tested at different
locations and with 0° and -15° dihedral. Details and designations of
these horizontal-tail modifications are shown in figure 9.

Details for configuration 1 and its component modifications not
covered in the aforementioned figures are included in table I, and those
for configuration 2 are included in table II. The root-chord and tip-
chord ordinates and leading-edge radii for the wing and horizontal-tail
configurations are given in tables III and IV, respectively.

TESTS

The tests were conducted at a stagnation pressure of 26 atmospheres
absolute. At this stagnation pressure the average test-section Mach
number for test durations of 60 seconds is 6.83. These conditions in
combination with the stagnation temperature mentioned previously resulted
in a Reynolds number of 640,000 based on wing mean aerodynamic chord.

Six-component force and moment data were obtained at sideslip angles
of 0° and -5° over an angle-of-attack range from -4° to 24° for the
majority of the configurations. For configuration 1 with wvarious
horizontal-tail locations and dihedral angles and for configuration 2
with a 20° speed-brake deflection, the angle-of-attack range was from
-20° to 240, Directional control data were obtained by testing vertical-
tail deflections oy of 0° and -5°, and lateral control data were

obtained by testing differential horizontal-tail deflections Sh' of
0°, -10°, and -20°.

The angles of attack were set by use of a lens prism imbedded in
the model surface to reflect and focus a spot from a light source onto
a previously calibrated screen. By using this method the true angles
of attack were obtained directly irrespective of deflection under load.

During all tests the base pressure was measured, and the axial
force was adjusted to correspond to the condition of base pressure
equal to free-stream pressure.

PRECISION OF DATA

The probable uncertainties in the force and moment coefficients
due to balance repeatability and variations in dynamic pressure have
been estimated and are presented as follows:
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CL « o e v e e e e e e e e e e e e e e e e ... #0.02
CD + + ¢« e e e e e e e e e e e e el e e e e e oo .. %0.006
G« = ¢ o e e e e e e e e e e e e e e e e e e e ... %0.006
O 2o R 010!
Gl o« « « o o & e e e e e e e e e e e e e e e e e e .o ... %0.001
g v e o e e e e e e e e e e e e e e e e e e e e ... . $0.0005

The inaccuracies in o and B were *+0.100.
PRESENTATION OF RESULTS

The data are presented in the form of comparison plots to show the
effects of component breakdown and component modifications. For con-
venience in locating these various effects and configurations an index
to the data figures is presented in table V.

The basic longitudinal stability data CL, Cp, and Cp are pre-

sented in figures 10 to 27. No variations of the basic lateral and
directional stability data Cy, Cp, and C; with sideslip angle are

presented since the majority of the tests were made over the angle-of-
attack range only at sideslip angles of 0° and -5°. Straight-line
slopes between the basic data at these sideslip angles were then used
to obtain the lateral and directional stability parameters presented

in figures 28 to 39. This method is belleved to yleld sufficiently
accurate results since the slopes so obtained agreed very well with
those obtained from a limited number of tests wherein the model was
tested over a sideslip-angle range at o = 0°. These data are not
included inasmuch as zero values of Cy, Cp, and C; were obtained at

B8 = 0° and essentially linear variations of the coefficients Cy» Cns
and C; with sideslip angle were obtained so that the data between

B = +5° are adequately represented by the stability parameters. For
similar reasons the stralght-line-slope method was used to obtain the
directional and lateral control parameters presented in figures 40

to 45.

Although an analysis of the data has been omitted from this report,
a few cautionary comments concerning portions of the data are in order.
For instance, the anomalous behavior of the pitching-moment curves for
horizontal-tail deflections less than -10° in the angle-of-attack range
between +5° (for example, figs. 14, 18, and 22) is the result of submer-
sion of the horizontal tail in the wing wake. (Compare figs. 17 and 18.)
This phenomenon was previously reported in references 5 and 18. A few

O =3t
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tests at Reynolds numbers other than that reported herein indicated
that this behavior of the pitching-moment curves is aggravated at lower
Reynolds numbers and diminishes at higher Reynolds numbers.

The results for the configurations with speed brakes deflected are
also affected to some extent by the Reynolds number level of the tests
inasmuch as flow separation occurred over and ahead of the brake surfaces
in the vicinity of the hinge line. In view of the length of fuselage
or fairing surface ahead of the fuselage and fairing speed brakes, these
configurations are affected to the greatest extent. Various boundary-
layer gaps were tested with the fairing speed brakes Jp 1in an effort

to offset the effects of flow separation.

For the remaining configurations with undeflected horizontal tails
and speed brake closed, no significant effects of Reynolds number on
the longitudinal, lateral, and directional stability and control char-
acteristics were observed.

Langley Research Center,
National Aeronautics and Space Adwinistration,
langley Field, Va., September 22, 1959.
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TABLE I.- GEOMETRIC CHARACTERISTICS OF CONFIGURATION 1

(0.02-8CALE MODEL OF X-15 AIRPLANE)

Wing:
Aresa, total, sq in. . ..
Area, exposed, sq in. . . . . . .
Span, in. . . . . . .
Aspect ratio . . . . . . . . . ... ..
Root chord, in. . e e e e e e e s
Root chord, exposed, in e e e e e e e
Tip chord, in. . . PR
Mean aerodynamic chord exposed, in.
Sweepback angles, deg:

Ieading edge . . . . . . .0 0. v 0. ..

25-percent element . . . . . . . .. . . .

Trailing edge . + « ¢ ¢ v ¢ ¢ ¢ 4 4 0 .
Taper ratio . . . e e e e e e e e e e
Dihedral angle, deg fh e e e e e e e

Incidence angle, deg . .
Alrfoil section, parallel to fuselage center

Horizontal tail:

Area, exposed, sq in. . . . . . . .. ..
Semispan (panel span), in. . . . . . . .
Aspect ratio, per exposed panel e e e
Taper ratio . . . . . c e e e e
Root chord, exposed, in C e e e e e
Tip chord, in. .. . f e e e e .
Mean aerodynemlc chord exposed, in. e ..
Sweepback angles, deg:

Tleading edge . . . . . + « « o 4 o . . ..

25-percent element . . . . . . . . 0 . ..

Trailing edge . .« . . « v + « o ¢ 4 o ...
Dihedral, deg . . . e e e e e
Airfoil sectlon, parallel to fuselage center

Fuselsage:

Iength, in. . . . . « « . . ¢ o o000

Maximum diameter . ..
Maximum width, 1ncluding side fairlngs ..
Fineness ratio . . . .

Base diameter . . . . . ¢ . 4 v 0 40 ...

Upper vertical tail:

Area, eyposed, sq in. . . . . . . . . . ..
Span, exposed, in. T
Aspect ratio « . . . . . . 0 4 0. .
Taper ratio + o« o« v v 4 o 4 s o s+ o o = .
Root chord, in. . . . . . . . . . . ..
Tip chord, in. .. . e e e

Mean aerodynamic chord, exposed, in. .
Sweepback angles, deg
Leading edge . . . e e e e e e e
Trailing edge . .« + + « « « o« o . .

Lower vertical tails:

Area, exposed, sq in. s e v e e

Span, exposed, in. s e e e e e e e e
Aspect ratio . . . . . ¢ s 0 e o o0 .
Taper ratio . . « . ¢ & ¢ ¢ ¢ ¢ 0 v o o o
Root chord, in. . . . . . . ¢ . . . ..
Tip chord, in. . e e e e e e

Mean aerodynamic chord in .

Sweepback angles, deg:
leading edge « « « « « v v 0 4 0 v ..
Trailing edge .

line

VL

0.7
0.480
0.297
0.612
2.147
1.315
1.765

60

PRI

o

@
pepS g el

(modified)

11.520
6.080
5.366

2.5
3.578
2.645
0.716
2.465

36.75
25.64
-17.74
0.2

0

0

2.878
1.330
1.229
0.328
1.658
0.506
1.184

50.58
45
19.28
- 15

(modified)

11.76
1.060
1.750
11.100
0.960

2.294
1.700
1.260
0.277
2.112
0.586
1.kg3

32.17
-15.08

Vis
1.506
0.860
0.491
0.705
2.128
1.500
1.833

38.13
0

ohl-1
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TABLE II.~ GEOMETRIC CHARACTERISTICS OF CONFIGURATION 2

Wing:
Ares, total, sq in. . .

Area, exposed, sq in. . .

Span, in.
Aspect ratio . ..
Root chord, in. . . . .
Root chord, exposed, in.
Tip chord, exposed, in.
Mean aerodynamlc chord,
Sweepback angles, deg:
Leading edge . . . .
25=-percent element .
Trailing edge . . . .
Taper ratio . . . . . .
Dihedral angle, deg
Incidence angle, deg

Airfoil section, parallel to fuselage center

Horizontal tail:
Ares, exposed, sq in. .
Semispan (panel span), i
Aspect ratio, per expose
Taper ratio . .
Root chord, exposed in.
Tip chord, in.

Mean aerodynamic chord exposed in

Sweepback angles, deg'
Leading edge . . . .
25-percent element . .
Trailing edge . . . .

Dihedral, deg . . .

(0.02-SCALE MODEL OF X-15 ATRPLANE)

D

exposed in.

n. . . .
d penel ..

. .

. .

. .

Airfoil section, parallel to fuselage center

Fuselage:
Length, in. . . . .
Meximum diameter, in.
Maxdimom width, including
Fineness ratio .
Base diameter . . . . .

Upper vertical tails:

Ares, exposed, sq in. .
Span, exposed, in.
Aspect ratio . . . . . .
Taper ratio . . . . . .
Root chord, in. . . . .
Tip chord, in. .
Mean aerodynamic chord
Sweepback angles, deg:
leading edge . ..
Trailing edge . . .

Lower vertical tails:

Ares, exposed, sq in. . .

Span, exposed, in.
Aspect ratio . . . .
Taper ratio . . . .
Root chord, in. . .
Tip chord, in. e e e
Mean aserodynamic chord,
Sweepback angles, deg:
leading edge . . . . .
Trailing edge

“ v s

.

.

side fairings .

Y

in. . .. ..

line

.
e e s

2.272
1.700
1.272
0.266
2.112
0.561
1.487

32.7
-15.08

Vi

0.77>
0.480
0.297
0.612
2.147
1.315
1.765

60
0

1.135
1.202
1.273
0.266
1.493
0.397
1.051

32.67
-15.04

V13

0.7632
0.720
0.679
0.536
1.380
0.740
1.091

32.66
-13.89

11.520
6.050
5.366

2.5
3.578
2.640
0.716
2.465

36.75
25.64
S17.7h
0.2

0

e e e e . (o]
66-005 (modified)

2.878
1.330
1.229
0.%28
1.658
0.506
1.184

50.58
45.00
19.28

-15

66- 005 (modified)

11.76
1.12
1.76

10.50

0.960

Vi

2.280
1.000
0.438
0.774
2.570
1.99
2.292

30
0

Yoy
2.2357

1.00
0.4470
0. 77h
2.570
1.990
2.292

30.1
o]

15
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TABLE III.- ORDINATES OF MODIFIED NACA 66-005 AIRFOIL

SECTION FOR WING CONFIGURATIONS W AND Wo?

X, Yr» hE)
percent c percent c percent c
(b)

0 0 0

1.25 .358 1.048
2.5 .533 1.123
5.0 854 1.263
7.5 1.137 1.395
10 1.382 1.523
15 1.759 1.769
20 2.001 2,001
25 2.182 2.182
30 2.318 2.%18
35 2.416 2.416
4o 2.476 2.476
45 2.500 2.500
50 2.485 2.485
55 2.432 2.432
60 2.3%2 2.33%2
65 2.151 2.151
67 2.085 : 2.085
100 .500 .500

8Basic airfoil modified for linear taper between root and tip for-
ward of lT7-percent-chord station. Basic airfoil modified to straight
side rearward of 67-percent-chord station to l-percent-chord blunt
trailing edge.

leading-edge radius, in., for -

Configuration W Configuration Wp

Root Tip Root Tip

0.00k4 0.001 0.015 0.008

bExposed root chord.

O -3 =
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TABIE IV.- ORDINATES OF MODIFIED NACA 66-005 AIRFOII, SECTION

FOR HORIZONTAL-TATI. CONFIGURATIONS H AND HBa

15

X, yr) yt’
percent c perﬁz?t ¢ percent c
0 0 0
.1 .269 .348
.25 .408 .538
5 531 .728
75 .590 .846
1.25 .650 .969
2.50 .T91 1.052
5.00 1.048 1.206
7.5 1.268 1.353
10 1.458 1.495
15 1.765 1.768
20 2.001 2.001
25 2.182 2.182
30 2.318 2.318
35 2.416 2.416
4o 2.476 2.476
45 2.500 2.500
50 2.485 2.485
55 2.432 2.4%2
60 2.332 2.332
I, 1.653 1.653
90 .961 .961
100 .500 .500

Basic airfoil section modified to straight side rearward of
6T-percent-chord station to l-percent-chord blunt trailing edge.
airfoil modified for linear taper between root and tip forward of

Basic

5-percent-chord station at root and 15-percent-chord station at tip.

Leading-edge radius, in., for -

Configuration H

Configuration H3z

Root

Tip

Root

Tip

0.003

0.00L

0.010

0.005

bExposed root chord.
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TABLE V.- INDEX OF DATA FIGURES

(a) Configuration 1

Speed-brake Figure for -
deflection, deg
Effect of -~ Configuration N N ¢, Cp, Cp WB , CnB , 01
Iy IL
Component parts of |B - —-— 10 28
configuration 1 |BX -—— -—-
BW -— -
BWX - ——-
BWXH -— -—
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BWXHVyVy Iyt k5 b5 ’
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modifications BWXHVUVL2 0 0
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Horizontal-tail BWXHVy VL, 0 0 1k 32
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Figure 4.- Comparison of configurations 1 and 2.
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Figure 10.- Effect of component parts on the longitudinal stability
characteristics of configuration 1. M = 6.83.




5P - n 33

L-T40

-
g%

vy,

Cp

Py

-10 -5 0 5 10 5 20 %5

a deg
(b) Wing, horizontal tail, and vertical tails.

Figure 10.- Continued.




3k ?

4

Q BwxH

[ BwxaEvy

A BUKEV

%

CL

-10 -5 0 5 10 5 2

a, deg
(c) prer and lower vertical tails.

Figure 10.- Concluded.

25

Cp

Ohl-T



L-T40

2
ATl -
.1 [
C 0 Tt | \ f:__
m £ L
SaseNE iy
- 1 L] 4V A% 4 H 4
X
By %
-2 3
{
l.k 4
Pai
L\:— 2 CD
] :
L= i
fumi 2
s | —-—-i =il 1]
=] .1
R
14D RPN = =
8 0
8 Bgys deg 8y, deg
d
Q o 0
§ 45 uo
o 5
A ks 45 .
4 - *
CL
.2
0 fas
-.2
-10 -5 [0} 5 10 15 20 25

o, deg
Figure 11.- Effect of speed~brake components on the longitudinal
stability characteristics of configuration BWXHVyVy. M = 6.83.




3 3
3 3

F 32 R
5 J PR 2
> X2

-1

i

I, deg ]
0
[0 -0

.1 ©p

Cy, N

~

a, deg

Figure 12.- Effect of wing dihedral on the longitudinal stability char-
acteristics of configuration BWKHVyViJydr. M = 6.83.

otl-1



37

& 1
Cm 0 = m
0 H 14
[€n; 8!
-1
-2 8
o
=
lT 5
1
4
O BWXKEVyV,
[0 BWXEV,V.
O BV,
T .3
i
Cp
2
-
F 1
/ﬁ
8 0
J
.8
=1
4
A
CL =
2 I
J
0
- I
]
) i WA 1
-10 -5 0 5 10 15 20 25
a, deg
. Figure 15.- Effect of lower vertical-tail modifications on the longi-

tudinal stability characteristics of configuration 1. M = 6.83.




FRE I

o
3 >
ER ) RN
38 0 s ,;
2 5

O

N

g
T
T
T

T
T
1
1
]
I
I
1
Il
I
i
|
I
]
I
i
i
IFi]
iy
hii
I
AT
T
8
1

81! , deg
10

Q
o
-10
~20 3
B off

Cp

SR

-

X

CL 0 ‘%

Xy

-25 -20 -15 -10 -5 0 5 10 15 20 25

a, deg

(a) Configuration BWXHVyVY,.

Figure 1lh.- Effect of horizontal-tail deflection on the longitudinal
stability characteristics of configuration 1 with various horizontal-
tail locations and dihedral angles. M = 6.83.

Ot ).~T



-4
3 T T
i L
&
2
gise
) i5!
. 13 o
5 s R
=1 Pt A TITTTrTTT
= ~ -———-—"I L % Lt = 4
om FEACaE R oo e
=R ST ﬁ‘ A H
dbsieee g
-1 !
T
o
=
b—
\ -2
I Pag 6
O 10
0 []
=10
-20
i §Hs otf
1
o
.8
- -6 E: L D=
RERRRAR ARESES=d8
= L] e 8!
| ]
4
»
4
2
CL 0 ,:% il
-8
-4
-8
-8 -
-25 -20 -15 -10 -5 0 5 10 15 20 25
«, deg
. (b) Configuration BWXHgVyVE,.

Figure 1k.- Continued.

o

39



L= (4

& e 3
a
(&)
- o N — o
8
, . ;
I
i “
a HS
[jS5e eaces o 2
E 0 i I
B o]
_“ I W W (]
! jant 3
: Far e w a
aﬁ_u - f o
1 T IR B t
mi IR LY) u ] w n m
o HE - %5 8
T )
At % gogg ) ,_% e t
MW| i i _\ .%7 e NI m .hm
AE om0 B o S
/ H / \ v )
! g o8
/ N g Is)
f 0 O W.n._,
" s e am = f‘ﬂ i = u% —
H E (o]
ieT i 5 ~
& 2 h H SIapawy
1
! £ ) hw = REH NN m.
n ) ]
) o — o - N © =3 ~ ] =] [ el © !
Cm CL

Lo



L-740

CL

G
sees s

M Ly

SR

S

7l
1

I

]
k4
i
e
T
iy
1
A

7
b
I
F
.4
1]
¥
11
]
!
%
[ 1
i
1]
1]
¥
1
1
7

x|

1
11}
il

jimri
i
A

1 %)

A1 WAL

N

ALY

=20

-15 -10 -5 o 5 10 15 20 25

a, deg
(d) Configuration BWXHg ViV, -

Figure 14.- Concluded.

-| i A!



42 .

Yo w e

.10
&
.05 ” o ]
—~ _t-1 1 |"J
S
C [ b
m 0 »
G
: &
ZEY —ﬁ_
-.05 O & o
[J B,
O By
A BXp
05 5
Cp 'E_ E = S= N SRR
0 :
W
2
1
L A
0
B 0 5 10 15 20
a, deg

Figure 15.- Effect of fuselage fairing modifications on the longitudinal
stability characteristics of the body-fairing configuration.

M = 6.83.




L-T40

R * £ U] b el 303
RV DR 2 L)
E ] By 3 >
PN ] @y » 2] i3
pRCR ] ey ¢ S RC I
2
L] L]
1 =
Cm T ] I
0 E _E_ :ﬂ !ﬁ =
: 1
-1
-2 .6
5
Q BXg
0O BXgf3
O By
A B T 4
3
Cp
.2
e
T 1
= B Zauls
8 H o
.6
=
4
‘L e c
2 A
b]
0
0 -5 0 5 10 15 20 25

o, deg

Figure 1€.- Effect of the various components on the longitudinal

bility characteristics of configuration 2.

M = 6.83.

b3

sta-



owl-1

S B N
5 A oy o2
)4-)4‘ 3 o >
o iy )
o 2oy 20T
-
2
L1 -
1 Ll 1 i T Em)
e i e X
[ = | T
AT e L
e AN } 13K f 1 n H
m . L
0 e =
13
-1
-2 6
5
533, deg
O [
§ -5
-10
-15 4
N 20 b 3
.3
[31i
Cp
.2
-
W1
4 e =
8 0
.6
4 Vi
i
c .
L Hy
2 %
= B
0 =
% i
W |3
_‘2 |
-10 -5 0 5 10 15 20 25
a, deg

Figure 17.- Effect of horizontal-tail deflection on the longitudinal
stability characteristics of configuration BoXzHzVyoVidydr. M = 6.83;

85y = By, = 20°.




y R W ) ‘i b ] \} "/.Z Y :;‘79 o
;/: ,9 2 '}; 29 5 %ﬂ.‘) » o u5
&
2
1 I & 1
. B =
m 0 g EEWRY as
-1
-2 8
o
=y 5
p v
§ H;—elgrf #: 4
YA
.3
Cp
2
.1
- 8 ,)Wi: 0
'S:
.6 :
vz
4
CL
2
0
2 HH , Beass
~10 -5 0 5 10 15 20 25
a, deg
8y, = 5°; 87, = T7.5°.
Figure 18.- Effect of horizontal-tail deflection on the longitudinal
stability characteristics of configuration B2W2X5H5VU2VLJUJL with
various speed-brake deflections. M = 6.83.




> i B0 3D
h6 A 2] =3 B i ERCRE]
30D 3 e YR
b ¥ 3 % 3 T
e 2 EEM] 33D
1.0 B
35!
.8
6 t
653, deg s!:
o) 0 £
§ -5
~10 ;
4 -15
N -20
D 113 off
0 10
Q 20
-2 = i 2
o ofd
0 0 F
CL o0 i
A o
NI o
D o B
ool ‘ 5
O off
-2
-4 H :
-6
-25 -20 -15 -10 -5 0 5 10 15 20 25

a, deg

s . o
(b) Variation of Cp, with a. 6JU = SJL = 20°.

Figure 18.- Continued.

owL-1



L-T40

Cp

o o -k P v D O

k7

ok L] " PR AN] kgl
YRl B 3 a ¥ &3
- | & B [ b3
> @ @ 3 3 2 )
3y G 2y b3 2 '3
» deg
BHB
O 0
§ =5
-10
15
E -20
E3.off
0O 10
Q 20
-25 -20 -15 -10 -5 0 5 10 15 20 25
a, deg

(¢) Variation of Cp with «. ¥y =85 =20°.

Figure 18.- Continued.




ER R R {03 @ R
S D SR R ]
)_{_8 4 B s 3 y o
» D 5 A y oa N R
R I I > 2 ¥
2 i
|
N ! L]
1 N N N =]
U EE
K pha T Eﬁ— AN R T
™~ A\ =3 =i
C H RN = { O P O]
Cm FOHL ] e i = i T 5]
0 = t S
| i e N N 2
(Ed) i I2 LT = e
= mag = \
1] D)
-1
BH , deg ) -
3 YTy
O 0 &
=5
-10
- -15
2 E —20 [} )
H3 off
)] 10
Q 20
-3 1]
-25 -20 -15 -10 -5 0 5 10 15 20 25
a, deg

(@) Variation of Cp with a. B3y = day, = 20°.

Figure 18.- Continued.

onl-1



(o))
=y

[A]
Q
o w 4 n1w [~ - o
e I3 IHER AETLLTL %
e : : : 8
.| 1N 1S
} N
Iy
i N
A AY . 4 o]
| =}
e u fl d
A ® ongno o
RW: _.._..n_.J_Mj KN ~ .m. __dL m
$ w0 O
ondAa » N mEE
NS o | _.
D @
HAARY amd ~
[0]
o ]
—
o ®
S~ _n..ﬂ._
.nw HHHH..,.U
9
o - [=] 1_. n/m < © - N (=] 9_..
& g

o 2 ’ ohl-1 s * u
r~



3 }

50 )
2

3

PRTEE

2
s
Cm O

-1 K]
-2
-3 Fg Ge8 B, deg 2R

[e] 4] /]

g 2

un .
Cp
.8 P
.6
K:3
CL
.2
0
-2 - ] L
-10 -5 o] 5 10 15 20 25
e, deg
Figure 19.- Effect of speed-brske components coh the longitudinal sta-
bility characteristics of configuration BpoWpXzHzVyoVidydr. M = 6.83.

orl-T



5. £l v .
o x O P o1
YD @y ] o 5
D 0y 8] 3 A I
“w
-
1
‘m He ek
o
-1
-2 6
g 5
[N
1
'q M
4
o B, ﬂ;s
O -5
" .
» 3 cp
2
Z8 1
1§ = = i
8 0
.8
4
CL
2 H
o
-2
-10 -5 0 5 10 15 20 25
a, deg
(a) B, =87 = 0°,
Jy = B3,
&

Figure 20.- Effect of sideslip on the longitudinal stability character-
istics of configuration BpWpoXzHzViyoVidydy, with various speed-brake

o deflections. M = 6.83. .




% z L~ .Nk.o & &

[~
o
<Q < i * ) ~ ©
. N ']
N I T T T It T 0 0 0 A R 1t ]
) I R T 0 TR T T (I
] I
T
! ]
3 I
. o
@ 2 T ]
| T I
b4 I T
I i I T !
i T I
T I} . .
5 I Q he]
+ 1 o [o] Q
1 E 1 & g
T I o~
P
N g = =
M Q
s E O &)
1 8 " i
o
Pua w0
foq | o =2
< ) Q
— T & 5
i T A_O_H_ ) 3 [0}
- T [
EEE ; { o P
H o
i, ~ o
I3
T i
T
L
o i
I (m m T m| T T 1T K}
1) Y T T 1 TT ) T ] 1 o
1A 17T 1T 1 (| W) T 1 N
) ITT T T | T T I I 1) g
- (=3 - o © -] o N o ot
B N h
& a
[8]

Y
[



NN
n

onl-1

a
o
@ @ - « o
TT
v
. ]
T
1111
- )\
w0
8
4
Y son i
E 4
4 fo)n] i
5
y myil il
T 1
183 H
3
- ° -t o « @ o3
1 t ' * t
S i
©
3,

25

15

i0

-5

-10

«, deg

(c) aJU = sJL = 459,

Figure 20.~ Concluded.

e




B
5k Vo
%3
2

SEWE

RS T

SheEs
S W

h

om0

[
be, deg

~10,
-20

A

T

£

Cr,

“L10

10

@, deg

15

25

WD

Cp

Figure 21.- Effect of differential horizontal-tail deflection on the
longitudinal stability characteristics of configuration
BQWEXBHBVUEVLJUJL' M = 6.83; o' = 109; BJU = BJL = 200,

s

%

ALt e



L-740

xR * S IR 1 ®
BT s oY
3 ‘; [ » 55
EER ] 2 3 b
L) @
'2 11 T1
H H
[H) 1
1T
= T RO
a Tt
gees FEEAL
% I\ 41 F 383 H Tq’
Cm naibanitat i EshnssaRaaN g a H
o1 Bt
-2 8
5
652, deg
(0] ]
_Ig FiRni
5 4
-20
- A
.3
I
Cp
2
1
8 e o
B
T
o
6 S P
1T
4
cL % .
2
ez
0
T
(N
_‘2 T
-10 -5 0 5 0 15 20 25
a, deq

Figure 22.- Effect of horizontal-tail deflection on longitudinal sta-
bility characteristics of configuration BoWoXzHoVyoVidydr. M = 6.83;

By = Bay, = 20°.




56

&
FRR AR

WO W

1 <
[1
Cm o
LT Sums x|
-1
1
-2 6
[
1
| -~
5 E
1
4
5"82' deg
] [1}
(o] 20
.3
Cp
2
a1
s s
8 0
6
4
CL
H
2 et
=
d
0
1o -5 ) 5 10 15 20 25
a, deg

Figure 23.- Effect of fuselage conical speed-brake deflection aJBQ on

the longitudinal stability characteristics of configuration
BoWoXsHzVypVrdpe. M = 6.83.
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